The Sonoran and Mojave deserts meet just north of the Whipple Mountains, which are situated in southeast San Bernardino County, California, along the Colorado River and adjacent to Arizona. Vegetation from the Pleistocene to the present was inferred from previously published packrat midden data and the current floristic composition. Climate data suggest that summer rainfall is a factor underlying the vegetational differences between the western and eastern portions of the Sonoran desert. Plant collections in the area yielded primarily California Sonoran plants, but also several Mojave and Arizona Sonoran plants. A fair number of the Arizona Sonoran plants collected were on the western margins of their ranges. Three species new to California's flora were documented in this study: Berberis harrisoniana, Delphinium scaposum, and Erigeron oxyphyllus.
INTRODUCTION
Home to California's largest population of saguaro cactus (Carnegiea gigantea (Engelm.) Britton & Rose), the Whipple Mountains are located in southeast San Bernardino County, the eastern-most portion of California, and bordered on the east by the Colorado River (Brum 1973) . The nearest services are available in Parker, Arizona, just across the river and southwest of the mountain range. Lake Havasu City is about 56 km (35 mi) north of Parker, across Lake Havasu from the town of Havasu Lake, California, which is just north of the study site. Lake Havasu is held by Parker Dam, which spans the Colorado River just south of Bill Williams River, 21 km (13 mi) north of Parker, and 23 km (14 mi) south of Lake Havasu City. There are only two main paved roads near the Whipple Mountains, California State Highway 62 which runs through the southern bajada between Vidal Junction and Parker, and US Highway 95 which joins Blythe and Needles, passing through Vidal and Vidal Junction (Fig. 1) .
The mountains are situated in the Lower Colorado River Valley, in the northern limit of the Sonoran Desert, with the Mojave Desert immediately north of the mountains (Shreve 1964; Cronquist 1982; McLaughlin 1989 McLaughlin , 1995 . Shreve (1964) observed floristic differences between the eastern and western portions of the Sonoran Desert. Generally, it seems that some common plants in Arizona do not occur west of the Colorado River. To highlight these floristic distinctions, the east and west portions of the Sonoran Desert will be referred to as the Arizona and California Sonoran Desert, respectively.
Given the proximity of the Mojave and Arizona Sonoran floristic elements, it is no surprise that some plants generally restricted to the Mojave or Arizona Sonoran deserts also occur in the study area, along with Colorado Desert plants. The Sonoran Desert as a whole has a rich flora of nearly 2600 species, 30% of which are endemic (Wells and Hunziker 1976) . In spite of this unique biogeographic situation, little botanical exploration of the Whipple Mountains had been done beyond roadside collecting. The study area encompasses about 129,500 hectares (320,000 acres; 500 square miles), including the Whipple Mountains Wilderness (administered by the Bureau of Land Management [BLM] ), bajada and creosote flats around the mountains. The boundaries are placed approximately along watersheds, with Chemehuevi Wash forming the northern boundary and the Colorado River delimiting the eastern boundary. US Highway 95, the western boundary, roughly follows the drainages between the Turtle and Whipple ranges. The southern boundary traces Vidal Wash between US Highway 95 and the Colorado River. This wash empties into the river just south of the San BernardinoRiverside county line ( Fig. 1, 2) . The study site spans 34Њ04Ј45Љ to 34Њ28Ј22ЉN and 114Њ07Ј48Љ to 114Њ39Ј17ЉW.
Most of area is managed by the Bureau of Land Management (BLM). Portions are also administered by the Colorado River Indian Tribes (CRIT), the Chemehuevi Indian Tribe, and the Metropolitan Water District of Southern California (MWD; Fig. 1 ).
The main obstacle to thoroughly covering the site is the rugged BLM Wilderness area in the center of the mountains, which covers 31,372 hectares (77,520 acres; 121 square miles), about one-fourth of the total area. No motor vehicles are permitted in this area, al- though several abandoned mining roads lead into the area and can be followed on foot. Vehicle-accessible roads do run along the periphery of the Wilderness area, however, and the bajadas and creosote flats have a wide network of roads and trails. Providing access on the eastern side is Parker Dam Road, MWD/Black Meadow Landing Road, Havasu Palms Road, and a powerline road administered by MWD. Highway access is provided by California State Highway 62, south of the mountains, and US Highway 95 on the western boundary of the study site.
PHYSICAL SETTING

Topography
Elevations range from around 102 to 1259 m (335 to 4131 ft), and habitats include windblown ridges, riparian zones, creosote bush bajadas and rocky canyons ( Fig. 3-9 ). The eastern portion of the range contains spectacular volcanic rock bluffs with sheer sides over 40 m (130 ft) high. Ridges at higher elevations farther west are steep and blanketed with loose pieces of granite and gneiss from crumbling outcrops (Fig. 5) . The highest elevation is 1259 m (4131 ft), along a ridge on the northwest side of the mountains (34Њ18Ј52ЉN, 114Њ24Ј37ЉW). Savahia Peak, a dark volcanic knife-edge promontory at the western end of the mountains (34Њ16Ј33ЉN, 114Њ31Ј56ЉW), is just over 800 m (2700 ft; Fig. 6 ).
Perhaps the most fascinating point of physiographic interest in the site is Monument Peak (34Њ16Ј51ЉN, 114Њ15Ј15ЉW; Fig. 3 ). This short spire reaches only 748 m (2450 ft) in elevation, yet due to its location it forms a magnificent silhouette against the sky and can Whipple Mountains Flora be seen for miles from south of the mountains (see Ives 1861) . It marks the northern corner of the Colorado River Indian Reservation.
The Colorado River is a primary drainage for the Colorado Plateau and the Sonoran Desert. The lowest elevation in the site, 102 m (335 ft), is found along the Colorado River at the south end of the study area, where Vidal Wash joins the Colorado, just below the San Bernardino-Riverside county line (34Њ04Ј45ЉN, 114Њ26Ј05ЉW). Vidal Wash drains the southeast side of the Turtle Mountains and southern slopes of the Whipple Mountains. Chemehuevi Wash, which drains not only the north slopes of the Whipple Mountains, but also the Chemehuevi Mountains, Stepladder Mountains, and the northern part of the Turtle Mountains, flows into the Colorado just south of the town of Havasu Lake (34Њ28Ј22ЉN, 114Њ24Ј20ЉW).
Several washes drain directly from the Whipple Mountains into the Colorado River. These include Bennet Wash (confluence near Bass Point), Bowman's Wash (near the former town site of Crossroads), Copper Basin Wash (near Echo Point), Black Metal Wash (following Black Meadow Landing Road), Whipple Wash (empties just south of Havasu Palms), and Copper Canyon (mostly on the Chemehuevi Indian Reservation). Whipple Wash is the largest of these drainages and has its head near the Mountains' highest peak, at about 1050 m (3450 ft) elevation.
Climate
The Whipple Mountains experience a temperate, warm desert environment, typical of the Lower Colorado River Valley. The average temperature ranges from 5ЊC (41ЊF) in January to 42ЊC (108ЊF) in July, as recorded at Parker, Arizona (Fig. 10; Rowlands 1995a) . The record high at Parker was 53ЊC (127ЊF, in 1905) and the record low was Ϫ12ЊC (10ЊF, in 1894; from www.weather.com).
Average precipitation is 119.5 mm (4.70 in) per year, with rain from both winter storms and summer monsoons. The monsoons, which occur between June and October, contribute about 36% of the annual rainfall ( Fig. 11 ; see also Van Devender 1990; Van Devender et al. 1990; Rowlands 1995a) . The warm phase of El Niño/Southern Oscillation may increase summer rainfall (Higgins et al. 2002) . Chubascos, or tropical storms that form off of Mexico's west coast, occasionally reach the California deserts in August or September, where they can cause severe flash flooding (Rowlands 1995a) . Twenty-year running averages for Parker, Buckeye, and Indio indicate little change in precipitation over the past 90 years (De Groot 2004) .
Geology
The bulk of the mountains is composed of Precambrian rock, probably nearly two billion years old (Fig. 12; Bishop 1964; Norris 1995) . The gneiss-like formations at higher elevations may be around this age (Norris 1995) . At least some of these rocks probably were deposited first as marine sedimentary rocks of a Cordilleran geocline, and later were subjected to metamorphism and intrusion by granitic magmas (Norris 1995) .
During the Miocene (25-8 million years ago [mya]), the Lower Colorado River Valley was subjected to geothermal heating, while at the same time the Pacific plate drifted northwest. The lower layers of the Earth's crust stretched, but the surface cracked, forming several detachment faults in and around the Whipple Mountains (Fig. 12; Norris 1995; Scarborough 2000) . The core of the mountains was probably at least partly fluid at this time (see also Scarborough 2000) . The reddish Tertiary volcanic rock composing the eastern bluffs and various prominent points around the mountains was laid down at about this time (Fig. 12; Blake 1856; Bishop 1964; Norris 1995; Scarborough 2000) .
Copper ore may be found in the mountains, today primarily in old mine tailings. Gold, silver, and manganese ores were also present, but to a lesser extent (Bishop 1964; Vredenburgh et al. 1981) . These ore deposits were probably from intrusions, occurring perhaps during the Mesozoic (Norris 1995) .
Soils near the river and in the plains around the range are composed of Quaternary alluvium or Pleistocene non-marine rocks ( Fig. 12; Marcou 1856 ). On the eastern side of the mountains there are some Tertiary non-marine deposits, which probably include the red sandstones around lower Bowman's Wash (Bishop 1964) . Flats along the river may have alkaline soils, often with salt deposits on the surface. Washes flow over beds of coarse sand, between boulders, or over exposed bedrock. On the higher slopes, soils are generally thin, rocky, and lack organic material.
Near the Colorado River, there are several small systems of stabilized sand dunes. It appears that there is little aeolian activity in these dune systems since vegetation covers most of the surface (Bowers 1986; Whitford 2002) . The river was undoubtedly the sand source for these dunes. However, many dams now impede sediment transport downstream, and without this sand source dune building progresses imperceptibly or has stopped (Clarke and Rendell 1998) .
Occasionally, microphytic crusts may be encountered. These are aggregations of cyanobacteria, lichens, algae, liverworts, or mosses that form stabilizing crusts over soil surfaces (McAuliffe 2000) . These organisms are active only a few days following a rain before lapsing back into dormancy (McAuliffe 2000) .
One feature of note is desert pavement, which is common in the bajadas and plains around the mountains. Removal of fine particles by wind is one of the oldest theories; however, evidence of its occurrence is rare, and instead fine particles may be removed by water runoff (Cooke 1970) . This is plausible since desert pavement soils are usually quite impervious to water (Musick 1975) . Cooke (1970) postulated that pavements were originally formed by runoff and by cycles of wetting and drying, which pushed coarser particles upwards. Today, pavements are subjected to creep, runoff, and superficial disintegration, which cause few changes to the established mosaic. Creep occurs when pavement soils are saturated, and particles may shift or slide slightly. Superficial disintegration includes weathering processes of heat/cold cycles, freeze/thaw cycles, and salt weathering (Cooke 1970) .
Desert varnish (or rock varnish) is another prominent geologic feature. According to Armstrong (1997) and McAuliffe (2000) , bacteria that live on rock surfaces get energy from oxidizing manganese and iron that occur in the rock. These manganese and iron oxides mix with clay minerals to form blackish (manganese oxide) or reddish (iron oxide) coatings over rocks. Since these coatings are laid down slowly, they have been used in dating of landforms and artifacts in the desert (Cooke 1970; Armstrong 1997; McAuliffe 2000) .
HISTORY
General Human History
At the time of European contact, much of the land along the Colorado River near the Whipple Mountains was occupied by the Chemehuevi Tribe (Ives 1861). They raised crops of grain and vegetables, and also hunted (Whipple 1856; Whipple et al. 1856) . Mojave Indians also resided in the Colorado Valley and raised corn, beans, wheat, squash, peas, and other crops (Whipple 1856).
Juan de Oñate was perhaps the first European to pass by the Whipple Mountains, when he explored in western Arizona and along the Colorado River in 1604 (Huachuca History Program; Gudde 1998) . In 1776, Friar Francisco Garcés traveled up the Colorado River from the confluence with the Gila River to the junction with the Mojave River (near present-day Needles) and later returned along the same route (Beck and Hasse 1974) . Mountain men James Ohio Pattie and Peter Skene Ogden also traveled along the Colorado River between Needles and Yuma in 1826 and 1829 -1830 , respectively (Beck and Hasse 1974 .
In The region last explored is, of course, altogether valueless. It can be approached only from the south, and after entering it there is nothing to do but leave. Ours has been the first, and will undoubtedly be the last, party of whites to visit this profitless locality. It seems intended by nature that the Colorado River, along the greater portion of its lonely and majestic way, shall be forever unvisited and undisturbed (Ives 1861: 110) .
In contrast, when Ives was approaching the Whipple Mountains, he wrote:
We are now at the verge of the foot-hills of a continuous chain of mountains, that crosses the Colorado ten miles above, and has been in sight for many days. Among the group of fantastic peaks that surmount the chain is a slender and perfectly symmetrical spire that furnishes a striking landmark, as it can be seen from a great way down the river in beautiful relief against the sky (Ives 1861: 55) .
The Whipple Mountains, together with the Buckskin Mountains across the Colorado River, are referred to as the Monument Mountains in the report and map. Ives gave the name Mount Whipple to ''a high peak'' of the mountains, visible from the north side (Ives 1861: 60;  probably the butte at 34Њ20Ј46ЉN, 114Њ19Ј30ЉW). The name Whipple Mountains was first applied to the range on the USGS Parker quadrangle of 1902 -1903 (Gudde 1998 .
The Atchison, Topeka & Santa Fe Railroad runs along the south side of the mountains, and arrived in Parker around 1910 (Vredenburgh et al. 1981 .
Remnants of mines can be found throughout the mountains. Many of these were active between 1880 and 1920 (Vredenburgh et al. 1981; Sheridan 2000) . Copper ore was the primary product, but gold, silver, and manganese ores were also found (Bishop 1964; Preston 1974; Vredenburgh et al. 1981; Sheridan 2000) . Vredenburgh et al. (1981) (Vredenburgh et al. 1981) .
One prominent resident of the area was Wyatt Earp. He and his wife, Josephine, lived in Parker, Calzona (near today's Big River), and Vidal between 1905 and 1928 (Boyer 1976 Reidhead 2002) . Earp filed about 100 claims, probably in the southern part of the Whipple Mountains, under the name Happy Day Mining Company (Boyer 1976). He found enough gold and copper to earn a living by prospecting, at one point having a shaft 100 feet deep (Boyer 1976; Vredenburgh et al. 1981) . He also kept a cabin in Drennan, now called Earp in his honor, across the river from Parker (Durham 1998; Reidhead 2002) .
The Colorado River Indian Reservation was established on 3 March 1865 (Okimoto 2001 (Okimoto 2001) . A large portion of the reservation's present income is from agriculture (Charles Land pers. comm.).
The Colorado River Project was approved in 1931. Crossroads became a boomtown of 2000-3000 people in the 1930s during the construction of Parker Dam (Schweich 2004 (Norris 1995; Scarborough 2000) . Common desert plants may have speciated in the early to middle Miocene, in thornscrub plant communities further south (Van Devender 2000 , 2002a . A middle Miocene (15-8 mya) drying trend created much of the Sonoran Desert, and desert vegetation existed by the late Miocene (8-5 mya; Axelrod 1995; Van Devender 2000 , 2002a .
The marine deposits of the Imperial and Bouse Formations were laid down in the Pliocene (5-1.8 mya) as a result of ocean expansion. At this time the climate was warm and received summer rainfall (Van Devender 2000 , 2002a . Lake deposits in the Vidal Valley date to around this time (Bishop 1964) .
The region cooled again in the Pleistocene (1.8 mya-10,500 years before present [ybp] ; Van Devender 2000 , 2002b . Glaciers covered much of the continent, pinyon-juniper forests covered much of the Sonoran desert, and desert or tropical plants, like Cercidium spp. or Carnegiea gigantea, were likely restricted to refugia farther south during glaciation (Wells and Hunziker 1976; Van Devender 1977 , 2002a .
Midden Data
Middens are hardened deposits of organic materials collected by packrats (Neotoma spp.). The dried plants contained in middens allow a glimpse of the vegetation in the area when the midden was occupied (Wells and Berger 1967; McAuliffe and Van Devender 1998) . The age of the midden is usually determined by radiocarbon dating of organic matter, which can provide records of plants as far back as 51,000 ybp (Van Devender 1990 , 2002a Thomas Van Devender pers. comm.) . Four sites in the Whipple Mountains have yielded both Pleistocene and Holocene middens (see Fig. 2 
(from Van Devender 1990; Van Devender et al. 1990 ).
Y. whipplei existed in the Whipple Mountains in late Pleistocene, 13,810-10,500 ybp, with P. monophylla occurring as low as 510 m (1670 ft; Van Devender 1977 , 2002b Rowlands 1995a ). These individuals were diploids (Hunter et al. 2001 ). The winter climate was similar to the present, but summers were cooler, and most precipitation fell in winter (Van Devender 1977 , 1990 , 2002a Van Devender and Spaulding 1979) .
Holocene. (Table 2 ; Van Devender 1977 , 1990 , 2002b Van Devender et al. 1990; Thomas Van Devender pers. comm.) . Carnegiea gigantea expanded to the northern edge of its present range during this time and also may have arrived in the Whipple Mountains, but there are no records of it from middens in the area. At this time it was generally more common than it is today throughout the rest of its present range (Van Devender 2002a). Creosote-bursage (Larrea tridentata, Ambrosia dumosa) communities were well developed in lower areas along the Colorado River (Van Devender and Spaulding 1979). The middle Holocene, from 9000 to 4000 ybp, had essentially hot summers, some summer rainfall (perhaps greater than today), and occasional winter freezes (Van Devender 1990; Van Devender et al. 1990 ). Yucca whipplei and Juniperus californica ceased to exist in the area by 8000 ybp (Van Devender and Spaulding 1979; Van Devender 1990 (Van Devender 1977 , 1990 Van Devender and Spaulding 1979; Van Devender et al. 1990 ). Hexaploid Larrea tridentata individuals were found in packrat middens in the Whipple Mountains as recent as about 3900 ybp, and at present the range probably contains a mix of hexaploid and tetraploid plants (Hunter et al. 2001) .
Essentially modern desert plant communities and the modern climate regime of hot summers and little rainfall were established about 4500 ybp, with a wet period around 1000 ybp (Van Devender 1990 , 2002a , 2002b Anderson and Van Devender 1991) . Bouteloua barbata and Dasyochloa pulchella [ϭ Erioneuron pulchellum] were the only grasses found in midden samples of this age (Van Devender et al. 1990) . Parkinsonia microphylla and Olneya tesota also may have arrived during this time (Table 2 ; Van Devender 2001).
Recent History
Much of the riparian area bordering the river supported cottonwood-willow habitat during the time of early exploration (Sitgreaves 1854; Bigelow 1856; Ives 1861; Alexander 1939). This habitat is now scarce due to development. Ives (1861) writes that there was little vegetation in the Chemehuevi Valley other than isolated patches of mesquite near the river. Although Sitgreaves' report (1854: 18) states that the county was ''barren and devoid of interest,'' it does mention some plants that were found along the Colorado River: ''Some large cotton-wood trees [Populus augustifolia, P. monilifera] grow directly upon the river banks, but the growth of the rest of the valley is small, consisting chiefly of mezquit [''Algarobia glandulosa'' ϭ Prosopis glandulosa], tornilla [''Prosopis odorata'' ϭ P. pubscens], willow [Salix spp.] , and a singular tree with smooth, pale green bark, and leaves so diminuitive as to require a close proximity to discern them [ The bluffs of Tertiary volcanic rock on the eastern side of the mountains are sparsely vegetated, possibly a consequence of a lack of penetration by water or roots (Shreve 1964) . In most places, sloping piles of boulders obscure the bases of these bluffs. A few common species that are encountered among or on these rocks include Eucnide urens, Machaeranthera pinnatifida subsp. gooddingii, Peucephyllum schottii, and Pleurocoronis pluriseta (see also Rowlands 1995b). These plants may also be found on red Tertiary sedimentary deposits in the vicinity of Bowman's Wash.
Only a few small areas along the Colorado River support sand dune plants. Prominent species here are Abronia villosa, Dicorea canescens, Ephedra trifurca, Hesperocallis undulata, Oenothera deltoides subsp. deltoides, Palafoxia arida var. arida, Pleuraphis rigida, and Tiquilia palmeri. Occasionally some of these plants may be found in sandy washes. This community is probably the most threatened since most dune areas in the mountains are designated off-highway vehicle (OHV) areas.
One unique community in the Whipple Mountains is the foothill paloverde-saguaro woodland (Rowlands 1995b) . This vegetation type is restricted to the rocky slopes on the eastern side of the mountains, near the river, and plant density is low (104 Carnegiea gigantea individuals in 6 square miles; Brum 1973). Besides C. gigantea and Parkinsonia microphylla, the shrubs present are typical of creosote bush scrub.
Floodplains and small basins along the Colorado River are home to alkali sink plant communities. These plants tolerate up to 2.5% salts in the soil (Rowlands 1995b Shreve (1964: 50) observed that ''there are also some notable floristic differences between the eastern and western edges of the area [the Sonoran Desert].'' According to Van Devender (1977) , factors that have historically affected plant distribution in the southwestern United States are temperature regimes (winter lows and summer highs) and rainfall patterns (winter vs. summer precipitation). Both temperature and precipitation are influenced by topography and elevation (Beatley 1975) , with moisture probably more influential in determining the distributions of plants ( Beatley 1974 Beatley , 1975 Van Devender and Spaulding 1979) .
Summer rainfall, which occurs between June and October, may have a great influence on biotic distributions. Some annuals germinate only in response to summer rainfall. Summer annuals were not found in packrat middens in the Whipple Mountains until summer precipitation began to occur (Van Devender and Spaulding 1979) . Summer moisture or orographic effects may influence the lower elevational limit of woodland in the Mojave Desert (Wells and Berger 1967) . A factor influencing the establishment of saguaro seedlings is July-August precipitation (Brum 1973) . Summer rainfall may be a limiting factor for the western limits of some Sonoran Desert plants (Van Devender and Spaulding 1979) .
Today in the Sonoran Desert, summer rainfall increases toward the southeast and winter rainfall increases toward the northwest (Fig. 13; Shreve 1964; Van Devender and Spaulding 1979) . During the summer monsoon season (Jun-Oct) in the southwestern United States, a distinct anticyclone of high pressure is present over northwestern Mexico, along with a trough that allows tropical moisture to move up the Gulf of California and into Arizona and New Mexico (Higgins et al. 2002) . The clockwise direction of the anticyclonic flow may induce summer storms to move up the Colorado Valley or curve eastward after reaching the head of the Gulf of California rather than turning westward. This reduces the chances of the California Sonoran Desert receiving as much rainfall as the Arizona portion of the Sonoran Desert. The intensity of the monsoon rains varies annually, even within a single summer, and is influenced by factors such as winter moisture in the southwest and northwest states, the El Niño/Southern Oscillation, and snow pack in the western United States (Higgins et al. 2002) .
The Whipple Mountains today receive about 36% (43.0 mm; 1.69 in) of their annual rainfall of 119.5 mm (4.70 in) in summer monsoons from June through October ( Fig. 14; see also Van Devender 1990; Van Devender et al. 1990; Rowlands 1995a) . To the east, more precipitation falls in the summer than in the winter ( Fig. 14; Seligman, Tucson). In Buckeye, near Phoenix, about 44% of total annual precipitation falls in the summer. Along the Colorado Valley, summer rainfall accounts for 36 to 48% of the annual total (Boulder City, Needles, Parker, Blythe, Yuma). To the north and west, less than one third of the total annual precipitation falls in the summer (Death Valley, Brawley, Indio; Fig. 14) .
Total annual rainfall increases toward the east ( Fig.  15 ; Seligman, Buckeye, Tucson), while to the west in the Lower Colorado Valley and southeast California annual precipitation decreases. Total precipitation appears to increase slightly from south to north along the Colorado Valley, however, this may also be due to elevation or latitude.
Summer rainfall, however, is extremely variable, even in areas that receive a substantial portion of their annual precipitation from summer monsoons (see Fig.  8 in De Groot 2004) . Since the amount of summer rainfall in all areas of the Sonoran Desert varies widely between years, the quantity is probably less important than the fact that precipitation occurs during the summer months (see also Beatley 1975 Beatley , 1976 .
Since Parker generally receives some summer moisture, less than areas farther east (e.g., Buckeye), but more than areas farther west (e.g., Indio), plants that depend on summer moisture (e.g., Carnegiea gigantea) may be able to survive. In most cases, the western margins of their ranges fall in the Whipple Mountains (e.g., List 2 taxa in Table 6 ). To the east, greater summer rainfall allows these plants to flourish, while to the west lack of summer rainfall prohibits establishment. The occurrences of California Sonoran, Mojave, and also these Arizona Sonoran desert plants within the mountains create a unique flora, as the area is more or less the only place where these elements have the potential to co-occur. Twenty-seven trips were made to the study area, resulting in 69 days of field-collecting at 425 localities (Fig. 16) . In all, 3564 specimens were collected and identified, 163 (4.57%) of which were cacti, a traditionally under-collected group. A field press was used in making most collections (Herbarium Supply Company, Item 180). Each trip attempted to cover different regions of the Whipple Mountains, in order to sample as many locations and habitat types as possible. Several all-day hikes and two backpack trips were made into the Wilderness area. At many localities, samples of all plants present were collected.
Five regional herbaria were searched for specimens from the Whipple Mountains. These were the California Academy of Sciences/Dudley Herbarium (CAS/ Early collections, such as those made on army expeditions, were not searched due to time and funding constraints, and since cursory glances at the vague locality information given in the reports did not yield any specimens that may have come from the area. All specimens (867) were received on loan for verification of determinations. Of these, 124 were duplicates, leaving 743 unique specimens. J. Mark Porter contributed 213 collections from 2001. In total, 4525 specimens were examined.
FLORA
Numerical Summary
Sixty-eight families of vascular plants, as recognized by Thorne with Reveal (2005) and Hoogland and Reveal (2005;  see also were represented. There were 376 species and 9 infraspecific taxa, for a total of 385.
Five hybrids were discovered. Opuntia wigginsii is placed on CNPS List 3 (Tibor 2001), but this may be either a hybrid of Cylindropuntia ramosissima ϫ C. echinocarpa, or merely a dwarf form of C. echinocarpa (Tibor 2001; Pinkava 2004) . It is occasionally encountered in the bajadas around the mountains. Parkinsonia microphylla ϫ P. florida had been found along Parker Dam Road on the southeast side of the mountains . In the present study it was collected primarily throughout the eastern side of the range. One collection was made of peppermint (Mentha ϫpiperita) in a disturbed area along the Colorado River. This plant almost certainly escaped from cultivation. Camissonia brevipes ϫ C. claviformis was collected from roadsides and washes in both the eastern and western portions of the range. Lycium andersonii ϫ L. fremontii was collected once in a wash with more typical forms of both L. andersonii and L. fremontii also present. Of 188 annuals, 162 (86.2%) germinate in the winter, generally flowering in the spring or early summer. Fourteen (7.4%) germinate in response to summer precipitation. An additional twelve (6.4%) germinate in response to any rainfall, and have been collected both in the spring and fall. Many perennials also flower following plentiful rainfall, either in the winter or summer, frequently twice in the same year.
Non-Native Taxa
The Whipple Mountains contain 44 non-native plants (11.4% of the total), many of which occur in disturbed areas along the Colorado River ( Thorne et al. 1981) , and Clark Mountain is home to just 29 (7.0%; Prigge 1975) . Most of these sites, however, are relatively remote with little human activity. In contrast, the Whipple Mountains Study Site includes the housing tract of Big River, the towns of Earp, Vidal, and Parker Dam, and numerous mobile home parks and recreational developments along the Colorado River. The cultivated plants in these communities were not sampled, but a number of plants naturalized into nearby areas and were collected there. Some examples are Cyperus involucratus, Mentha ϫpiperita, Nerium oleander, and Schinus terebinthifolius.
Diversity
Measured the traditional way, 385 different kinds of plants found on about 129,500 hectares (500 square miles) equals a diversity of 0.00297 species, subspecies, or varieties per hectare (0.770 species, subspecies, or varieties per square mile). This is comparable to the diversity documented at the Nevada Test Site and in the eastern Mojave ranges (Table 4 ; Fig. 17 ; Beatley 1976; Thorne et al. 1981) . Clark Mountain was more diverse (Prigge 1975) , as was Glass Mountain of the Great Basin desert (Honer 2001 ) and the Tucson Mountains of the Arizona Upland division of the Sonoran Desert (Rondeau et al. 1996) . The Santa Rita Mountains, primarily in the Chihuahuan floristic element, have even higher diversity (McLaughlin and Bowers 1990). McLaughlin 1989 McLaughlin , 1995 However, this raw measure of lower taxa per unit of area can be deceiving. Larger areas, like the East Mojave ranges or the Nevada Test Site, may have lower diversities simply because they cover larger areas. The addition of 2,071,991 hectares around the Nevada Test Site added only 364 plants, decreasing the diversity from 0.0021 species, subspecies, or varieties per hectare (0.540 species, subspecies, or varieties per square mile) to 0.0005 (0.117; Beatley 1976). Also, taxonomists will note that these ranks themselves are not equivalent and therefore not appropriate to compare as if they were.
The Whipple Mountains flora shares more species with Joshua Tree National Park than with any other flora used in comparison ( Fig. 17 ; Table 5 ; Steve McLaughlin pers. comm.). As expected, its affinities appear to be primarily to the Californian portion of the Sonoran Desert, but compares fairly well with a number of Mojave and Arizona Sonoran floras. It shares fewer species with floras in the Colorado Plateau, Chihuahuan, and Great Basin deserts. Arizona Upland floras have fewer Whipple Mountains species than floras from the Sonoran Desert in Arizona. Roughly, based on ranges given in and Hickman (1993) , the Whipple Mountains flora has 64.1% widespread taxa, 10.4% Sonoran (common in California), 10.4% Mojave, 2.9% mostly found east of the Colorado River, 11.4% introduced, and 0.8% with no range given (unlisted hybrids).
Sensitive Taxa and Interesting Finds
The Whipple Mountains contain 17 plants listed by the California Native Plant Society (Table 6 ; Tibor 2001). These plants are from thirteen different families, with more than one plant in Cactaceae, Euphorbiaceae, and Fabaceae. Most are more common in Ar- 
attenuatus).
Three species previously unrecorded in California also occur in the mountains. Berberis harrisoniana Kearney and Peebles was collected from one locality in the northeast part of the range, in a north-facing rocky chute. This plant was known from only five extant populations in Arizona and was thought to be endemic there. It was discovered in the Whipple Mountains by the BLM in 2001 (Anderson and De Groot 2004) . It is listed as a Sensitive Species by the BLM and was considered for federal listing, but rejected because it did not appear threatened (Malusa 1995) .
Delphinium scaposum Greene had not been reported from California, although it is widespread in Arizona, Colorado, Nevada, New Mexico, Utah, and occasional in Sonora, Mexico. It had been collected along the Bill Williams River and in the Mojave Mountains just a few miles to the east in Arizona. It is sparsely distributed throughout the mountains, and found in rocky washes or on rock outcrops (De Groot 2005) .
Scattered on rocky hillsides and in washes generally above 915 m (3000 ft), Erigeron oxyphyllus Greene was also a new state record. It had been collected in Maricopa, Mohave, Pinal, and Yuma counties, Arizona, and in Sonora, Mexico (De Groot 2005) .
These three species show that botanical exploration can still yield important discoveries. The following is a list of the plants documented in the Whipple Mountains study area, from fieldwork and herbarium searches, and is current as of April 2006. The angiosperm families are based on Thorne with Reveal (2005) , and Hoogland and Reveal (2005) . Monocotyledons and dicotyledons have not been separated. The order of taxa and names follow Munz and Keck (1959) , Hickman (1993), or unless otherwise noted (Appendix 1). Autonyms are not listed, except for species where additional intraspecific taxa were also present. Voucher specimens obtained during this study are at Rancho Santa Ana Botanic Garden (RSA) unless denoted otherwise (ARIZ, University of Arizona at Tucson; CAS, California Academy of Sciences; DS, Dudley Herbarium; JEPS, Jepson Herbarium; POM, Pomona College; UC, University of California at Berkeley; UCR, University of California at Riverside). Non-native taxa are indicated with an asterisk (*). Frequency of taxa is indicated by ''common,'' ''frequent,'' ''occasional,'' ''infrequent,'' or ''rare,'' and those that are restricted to specific habitats or have patchy distributions within the site may be designated ''locally common'' or ''locally frequent.'' Collections are from BLM land unless noted MWD (Metropolitan Water District), CRIR (Colorado River Indian Reservation), or CIR (Chemehuevi Indian Reservation). While many specimens were examined for this study, only one representative voucher specimen is cited [see De Groot (2004) for a complete listing of specimens]. (Miller et al. 2001; Yi et al. 2004 
